Abstract. The present study was to determine the effects of bright light exposure during the daytime on core temperature rhythm. Eight female students participated as subjects. They were exposed to bright light of 5000 lux or dim light of 200 lux for 13 hours (06:30-19:30) for two consecutive days. Except the sleep period (22:30-06:30) and during the bright light exposure, light intensity was controlled at 200 lux. Rectal temperature data were collected every 10 min throughout the whole experimental period. The mean level of rectal temperature was not significantly different between the bright and the dim light conditions. However, the evening fall and the morning rise of rectal temperature were significantly greater in the bright light conditions on Day 2 compared to the dim. Furthermore, cosinor analysis showed that the acrophase of rectal temperature rhythm was earlier on Day 2 in the bright light conditions than the dim, and was significantly delayed on Day 2 compared to Day 1 in the dim light conditions. These results suggest that low intensity during the daytime for two consecutive days may induce a phase delay of core temperature rhythm rather than the bright light exposure at least in normally entrained female subjects.
Introduction
Circadian rhythm of core temperature in humans is an essentially important biological phenomenon well documented by many investigators (Aschoff and Heise, 1972; Hildebrandt, 1974) . Generally, the light-dark cycle is considered the most powerful synchronizer for human circadian rhythms. Many investigators demonstrated that bright light application can change circadian phasemaker (Czeisler et al., 1989; Honma et al., 1987; Minors et al., 1991; Buresová et al., 1991) . Namely, the bright light exposure in the subjective evening may induce a phase delay while the application in the subjective morning a phase advance of core temperature rhythm. Furthermore, it was reported that the nighttime exposure to bright light caused an immediate elevation of body temperature (Badir et al., 1990 (Badir et al., , 1991 Myers and Badia 1991; French et al., 1990; Cajochen et al., 1992) and reduced nocturnal melatonin secretion (Lewy et al., 1980; Mclntyre et al., 1989; Bojkowski et al., 1987) . Cagnacci et al. (1992) reported that the nocturnal fall of core temperature could originate from nighttime elevation of the hypothermic hormone melatonin. Thus, studies are undertaken to show how the phase-shift of circadian rhythm could occur under the influence of light pulse and how nocturnal rise of melatonin and nocturnal fall of core temperature could be influenced during the nighttime by the exposure of bright light. Attention on physiological significance of bright and dim light intensities during the daytime has hardly been paid. According to our knowledge, Tokura and his group described that the bright light during the daytime decreased the nocturnal level of core temperature more greatly (Tokura et al., 1994; Kim and Tokura, 1995; Hashimoto et al. (1997) found that midday exposure to bright light increased nocturnal plasma melatonin level. These results suggest how deeply the bright or dim light intensities during the daytime could influence the human body. Therefore, it seems absolutely necessary to collect more data from human precisely under the influence of the bright and dim light intensities in terms of circadian rhythms. In other words, studies on "proportional effects" (Aschoff, 1960) of bright and dim light conditions during the daytime remain to be studied systematically.
Therefore, the aim of this study was to know whether the daytime exposure to bright light for two consecutive days could affect the circadian rhythm of core temperature compared to the dim light.
Subjects and Methods

Subjects
Eight young females, aged from 19 to 23 years, participated in this study as subjects. All subjects were college students and entrained by normal sleep-wake cycle. They were drug free and non-smokers and had been instructed to abstain from alcohol and caffeine during the previous day. The general purpose and risk of the study were explained and written contents were obtained by all subjects before the experiments. Four out of eight subjects studied were in the follicular phase and the other four subjects in the luteal phase of their menstrual cycles.
Experimental protocol
All experiments were conducted in winter from November to February to avoid seasonal variations in the circadian rhythm of core temperature. Figure 1 shows the experimental procedure. The experiments were carried out in the climatic chamber controlled at a global temperature of 27 ± 0.2°C and a relative humidity of 60 ± 5%. The subjects were studied twice of bright and dim light test sessions. One session lasted for 57.5 hours over three nights and the intervening days (from 21:00 on Day 0 to 06:30 on Day 2). In this study, the 24 h sections were divided at 06:30, the time of rising. Subjects entered the chamber at 21:00 and fitted a rectal temperature probe and went to bed at 22:30 and got up at 06:30. They were allowed to read, write, play games or listen to music, but not to take a nap during the daytime. Meals were served at 07:30, 12:00 and 18:30 with a light snack at 15:30, and total calorie intake and water volume were controlled. Light intensity in the experimental chamber was controlled at eye level of the subjects by the usage of an illuminatot (Tokyo Photo Electric Co. Ltd., Japan) either at 5000 lux for the bright light conditions or 200 lux for dim light conditions from 06:30 to 19:30 and at 200 lux from 19:30 to 22:30, and completely dark during sleep at night. Light was provided by placing fluorescent lamps about 1 m in front of the subjects. In the bright light sessions, the subjects were required to look into the light source at least for 10 min out of every 30 min in order to make sure the bright light exposure to the subjects. Subjects also kept a diary of their activities during the whole experimental period.
The first night served to acclimate the subjects to the experimental chamber, thus data were analyzed for 48 hours from 06:30 on Day 1.
Measurements
Rectal temperature was measured continuously by a thermister probe (RE type, Grant Instruments Ltd, UK, accuracy ± 0.05°C), and was stored every 10 min by a Squirrel Meter Logger (Grant Instruments Ltd, UK).
Data analysis
For rectal temperature, the amplitude and acrophase of circadian oscillator was estimated by single cosinor analysis (Halberg et al., 1967) . These data were analyzed after purification which is the method to remove masking effects of physical activity on core temperature Waterhouse, 1989, 1993) . In this study, the used physical activity was based on the diaries kept by each subject, and consisted of eight categories as follows: asleep, lying down but awake, sitting relaxed in the dim light, sitting relaxed in the bright light, sitting but doing work in the dim light, sitting but doing work in the bright light, eating a meal in the dim light, eating a meal in the bright light.
Statistical analysis of rectal temperature was performed separately for waking period and sleep period between the two light sessions. The values were analyzed by a two-factor analysis of variance with repeated measurements. The effects of light intensity between subjects and interaction between light intensity and time of day within subjects were compared. The difference of the evening fall of rectal temperature between the two sessions and one of the morning rise were tested by Student's paired t-test. The values were expressed as the differences between the mean values of 18:40-19:30 and 21:40-22:30 for the evening fall and those of 05:40-06:30 and 09:40-10:30 for the morning rise. In cosinor analysis, evening fall on Day 2, data from seven subjects were analyzed, since Subject 8 served until at 10:30 on Day 2.
Results
The time course of mean rectal temperature between the bright and the dim light conditions was compared in Fig. 2 . There was no significant difference statistically both during the daytime and during the nighttime. As shown in Table 1 , by cosinor analysis, the amplitudes of core temperature rhythm on Day 1 and Day 2 in raw data were not significantly different between the two sessions. The purified data of each subject also showed no significant difference between the two light conditions. However, the mean paired difference between acrophases of circadian temperature showed a significantly earlier phase on Day 2 in the bright light conditions compared to the dim in raw data (0.86 ± 0.43 h, p<0.05) and also, the same tendency in the purified data (1.00 ± 0.55 h, Fig. 1 Experimental schedule p=0.56). Furthermore, in the dim light conditions, the acrophases of purified and raw data were significantly delayed on Day 2 compared to Day 1 (p<0.05). Table 2 compares the evening fall and the morning rise of rectal temperature between the bright and the dim light conditions. The values were expressed as the differences between the mean values of 18:40-19:30 and 21:40-22:30 for the evening fall and those of 05:40-06:30 and 09:40-10:30 for the morning rise. On Day 1, the evening fall of rectal temperature was not different between the two light conditions, but significantly greater in the bright light conditions on Day 2 (p<0.01). The morning rise was significantly greater in the bright light conditions on Day 2 (p<0.05).
Discussion
In the present study, the mean level of rectal temperature between the bright light and the dim light conditions was not significantly different during the daytime as well as during the nighttime, and the circadian amplitude of rectal temperature was also not significantly different between the two light conditions (Fig. 2, Table  1 ). Therefore, the bright light exposure during the daytime seemed to induce neither "immediate effect" on the level of core temperature during the daytime nor "after effect" during the nighttime. However, Kim and Tokura (1995) and Kim and Tokura (1998) found that the bright light exposure during the daytime lowered rectal temperature during nighttime sleep but it did not affect the daytime level compared to the dim light. Our results during the daytime were consistent with their findings. On the contrary, Aizawa and Tokura (1997) found that exposure to bright light during the daytime made the tympanic temperature lower significantly in a few hours after light application. These discrepancies probably seemed to reflect the different sensitivity to internal and external stimuli between rectal and tympanic temperatures (Cabanac and Caputa, 1979) . Tympanic temperature is more sensitive to an internal stimuli such as exercise and to an external stimuli such as ambient temperature (Cabanac, 1995) than rectal temperature. Therefore, tympanic temperature is often used as an indicator to explain the changes of autonomic and behavioral temperature regulation (Cabanac, 1995) . Thus, such different sensitivity between tympanic and rectal temperatures might be probably responsible for different core temperature during the daytime between our present experiment and the one by Aizawa and Tokura (1997) . In our experiment, the level of rectal temperature during the nighttime was not different between the two light conditions. This is incompatible with the findings by Kim and Tokura (1995) and Kim and Tokura (1998) . One possible interpretation for these discrepancies is that the subjects were exposed to bright light for a longer period (13 h) in our experiment compared to theirs. Kim and Tokura (1995) , and Kim and Tokura (1998) used 4,000 lx and 5,000 lx as the daytime light intensity and exposed the subjects to the bright light between 10:00 and 18:00, and between 07:00 and 18:00, respectively. The bright light intensity changed at 18:00 in their experiments and at 19:30 in our present experiment. Light intensity between our present experiment and theirs seemed to be nearly identical. So, the reason for different rectal temperature behavior during the nighttime might be due to the different times of the bright light to dim light transition. Onset time of nocturnal melatonin secretion might have been delayed in our present experiment due to delayed time from bright to dim light conditions (18:00 vs 19:30), having resulted in the inhibition of deeper fall in rectal temperature. This question remains to be studied. In addition, the evening fall and the morning rise of rectal temperature were significantly greater in the bright light conditions on Day 2. These changes of rectal temperature might be related to sympathetic nervous activity. Our recent observation (Park and Tokura, 1998) shows that the fall of rectal temperature was positively correlated with the decrease of urinary adrenaline in the evening, suggesting that the more relaxed the sympathetic nervous system was, the greater fall the core temperature. Similar discussion was already made elsewhere (Jeong and Tokura, 1990) . Therefore, our present results could be explained by an assumption that bright light could act as one of stressors or activators, inducing more excitement with the morning bright light application and more relaxation of sympathetic nervous system in the evening after daytime bright light exposure.
The most interesting finding was that the dim light exposure produced a slightly different circadian phase on Day 2 compared to the bright light (Table 1) . These results might explain that there was a possibility of phase delay in the dim. Hashimoto et al. (1997) demonstrated that midday exposure to bright light induced phase advance in the onset and mid phases of nocturnal melatonin rise compared to the dim light conditions. It is well known that early morning bright light exposure could advance the plasma melatonin rhythm (Boresová et al., 1991; Dijk et al., 1989; Foret et al., 1993) . However, in the present study, the acrophase of rectal temperature in the dim light conditions was delayed on Day 2 compared to Day 1. These results suggest probably that low intensity during the daytime could induce a phase delay of core temperature rhythm even if the subjects were entrained under our present light-dark regieme. It should be taken into account that different sleep state between the two light conditions might have been responsible for the different circadian phase on Day 2.
There did not exist any consistent differences for these different responses mentioned above under the influence of the bright and dim light conditions between follicular and luteal subjects.
In conclusion, this study suggests that the dim light exposure during the daytime reduced the evening fall of core temperature, induced a phase delay of core temperature rhythm and the bright light exposure during the daytime enhanced the morning rise of core temperature.
